The Chinese natural medicine "Si Lie Hong Jing Tian" prepared from the underground part of Rhodiola (R.) quadrifida (PALL.) FISCH. et MEY., has been prescribed for hemostatic, antibechic, and tonic purposes in traditional Chinese preparations and used as an endermic liniment for burns and contusions. n-Hexyl b-D-glucopyranoside (1) was isolated as one of chemical constituents of R. quadrifida by Yoshikawa et al.
4)
Enzymatic synthesis of n-hexyl b-D-glucopyranoside (1) 5) and 6-hydroxyhexyl-b-D-glucopyranoside (6) 6) using 4-nitrophenyl b-D-glucopyranoside as a glycosyl donor was reported previously by us, while direct b-glycosidation using a large amount of 1,6-hexanediol is reported to give a 6-hydroxyhexyl-b-D-glucopyranoside (6) in 61% yield. 4) Those reports are promising for the improved synthesis of n-hexyl b-D-glucopyranoside (1) and its application to the total synthesis of the natural congener (2) . On the other hand, we reported the effectiveness of immobilization of b-glucosidase (EC 3.2.1.21) from almonds with a photocross-linkable resin prepolymer (ENTP-4000) in the direct b-glucosidation between D-glucose (3) and 1,8-octanediol (5) . 7) Then we examined the direct b-glucosidation between D-glucose (3) and 1-hexanol (4) or/and 1,6-hexanediol (5) . Immobilization of b-D-glucosidase from almonds on the photocross-linkable resin prepolymer (ENTP-4000) was carried out following the reported procedure. 7) When a large amount of 1-hexanol (4, 23.4 eq) was used as an acceptor for D-glucose (3) in the presence of b-glucosidase or the immobilized b-glucosidase, a low yield of nhexyl b-D-glucopyranoside (1) (entry 1 in Table 1 ; 13.5% yield, entry 2 in Table 1 ; 9.4% yield) was obtained. When the same b-glucosidation was carried out using the recovered immobilized enzyme, the yield of 1 was almost the same as in entry 2 in Table 1 (entry 3 in Table 1 ). When a large amount of 1,6-hexanediol (5; 25.0 eq) was employed for bglucosidation using the native enzyme and the immobilized enzyme, the yield of 6 was fairly high (entry 4 in Table 1 ; 67.8% yield, entry 5 in Table 1 ; 61.4% yield). The recovered enzyme was also found to be effective (entry 6 in Table 1 ; 47.9% yield).
Synthesis of n-Hexyl b b-D-Glucopyranoside (1) and nHexyl O-b b-D-Xylopyranosyl-(1AE AE6)-b b-D-glucopyranoside (2) As the yield of n-hexyl b-D-glucopyranoside (1) from direct b-glucosidation was low, conversion of 6 into the desired b-glucoside (1) was carried out in five steps, including the chemoenzymatic method. Acetylation of 6 gave quantitatively a pentaacetate (7), which was treated with the lipase Amano P from Pseudomonas sp. to provide a monoalcohol (8) in 80% yield along with the starting material (7) . In this enzymatic hydrolysis, the terminal acetyl group in the side chain was selectively hydrolyzed and other acetyl groups in the sugar moiety were found to be intact. Treatment of 8 with iodine (I 2 ) in the presence of triphenylphosphine (Ph 3 P) gave quantitatively the corresponding iodide (9), which was subjected to reduction with NaBH 4 to give a tetraacetate (10) in 88% yield. Finally, treatment of 10 with K 2 CO 3 in MeOH provided the desired b-glucoside (1) in 87% yield. Consequently, the overall yield (41.6% yield) of 1 from D-glucose (3) via six steps is considerably improved in comparison to that (8.8-13 .5% yield) with the direct b-glucosidation of 1-hexanol (4).
Tritylation of 1 gave a trityl ether (11; 79% yield) along with the starting material (1; 20% recovery). Benzoylation of 11 afforded a benzoate (12) in 97% yield, which was subjected to hydrogenolysis in the presence of 20% Pd(OH) 2 -C to provide the desired 13 in 97% yield. On the other hand, methylthio 2,3,4-tri-O-acetyl-b-D-xylopyranoside (14) was synthesized by applying the reported method 8) based on the reaction of (methylthio)trimethylsilane and tetra-O-acetyl-b- 
Conclusion
In conclusion, direct b-glucosidation between 1,6-hexanediol (5) and D-glucose (3) using the immobilized b-glucosidase from almonds with the synthetic prepolymer ENTP-4000 gave a mono-b-glucoside (6) in 61.4% yield, which was converted into the n-hexyl b-D-glucopyranoside (1) using the chemoenzymatic method. The coupling of the n-hexyl b-Dglucopyranoside congener (13) and methylthio-2,3,4-tri-Oacetyl-b-D-xylopyranoside (14), followed by deprotection, af- (2) , which was consistent with the natural 2 with respect to the spectral data and specific rotation. C-NMR spectra were recorded on a JEOL EX 400 spectrometer (Tokyo, Japan). Spectra were recorded with 5-10% (w/v) solution in CDCl 3 with Me 4 Si as an internal reference. Melting points were determined on a Yanaco MP-3S micromelting point apparatus and are uncorrected. Optical rotations were measured on a JASCO DIP-370 digital polarimeter. The FAB mass spectra were obtained with a JEOL JMS-AX 500 (matrix; glycerol) spectrometer. IR spectra were recorded on a JASCO FT/IR-300 spectrometer. All evaporations were performed under reduced pressure. For column chromatography, silica gel (Kieselgel 60) was employed. A immobilized b-glucosidase with ENTP-4000. a) The same immobilized enzyme in entry 2 was employed again after filtration. b) The same immobilized enzyme in entry 5 was employed again after filtration.
Chart 2 transparent polyester film (thickness, ca. 0.5 mm). The layer was covered with transparent thin film and then illuminated with chemical lamps (wavelength range, 300-400 nm) for 3 min. The gel film thus obtained was cut into small pieces (0.5ϫ5ϫ5 mm) and used for the bioconversion reaction.
Enzymatic Transglycosylation. Synthesis of n-Hexyl b b-D-Glucopyranoside (1) 1) Entry 1: A mixture of D-glucose 3 (1.1 g, 6.1 mmol), 1-hexanol (14.6 g, 143.1 mmol), water (2 ml) and b-glucosidase 100 mg (250 units) was incubated for 4 d at 50°C. The reaction mixture was directly chromatographed on silica gel (35 g) to give 1-hexanol (12.0 g, 82.1% recovery) from the CHCl 3 eluent and b-glucoside (1, 218.7 mg, 13.5% yield) as colorless crystals from the CHCl 3 /MeOHϭ10 : 1 eluent. , and 4-N,N-dimethylaminopyridine (DMAP; 10 mg, 0.08 mmol) in pyridine (1 ml, 12.4 mmol) was stirred for 1 h at room temperature. The reaction mixture was diluted with water and extracted with AcOEt. The organic layer was washed with 10% aqueous HCl, 7% aqueous NaHCO 3 , and brine. The organic layer was dried over MgSO 4 and evaporated to give a residue, which was chromatographed on silica gel (15 g, n-hexane/AcOEt 3) To a solution of 8 (540 mg, 1.21 mmol), Ph 3 P (948 mg, 3.62 mmol), and imidazole (246 mg, 3.62 mmol) in THF (10 ml) was added a solution of I 2 (810 mg, 3.19 mmol) in THF (2 ml). The whole mixture was stirred for 2 h at room temperature. The reaction mixture was diluted with water and extracted with AcOEt. The organic layer was dried over MgSO 4 and evaporated to give a residue. It was chromatographed on silica gel (15 g, nhexane/AcOEt (3 : 1)) to afford 9 (599 mg, 89% yield) as a colorless amorphous solid. 5) A mixture of 10 (400 mg, 0.93 mmol) and K 2 CO 3 (128 mg, 0.93 mmol) in MeOH (10 ml) was stirred for 25 min at room temperature. The reaction mixture was evaporated to give a residue, which was chromatographed on silica gel (10 g, CHCl 3 /MeOH (9 : 1)) to afford 1 (213 mg, 87% yield) as a colorless amorphous crystals. The 1 H-and 13 C-NMR spectra of the present 1 were identical to those of enzymatic b-glucoside 2.
Conversion of 2 into the n-Hexyl b b-D-Glucopyranoside Congener (13) 1) A mixture of 1 (1.02 g, 3.86 mmol) and TrCl (1.6 g, 5.73 mmol) in pyridine (3 ml, 37.2 mmol) was stirred for 12 h at room temperature. The reaction mixture was diluted with toluene (100 ml) and evaporated under reduced pressure to give a residue, which was chromatographed on silica gel (20 g) to afford 11 (1.55 g, 79% yield) as a colorless amorphous solid from the 50 (3H, m), 3.45-3.42 (4H, m), 3.15 (3H, br s),  1.66-1.60 (2H, m), 1.37-1.26 (6H, m) , 0.87 (3H, t, Jϭ6.8 Hz);
13 C-NMR 2) A mixture of 11 (1.0 g, 1.92 mmol), BzCl (1.332 g, 9.45 mmol), and pyridine (2 ml, 25.3 mmol) in CHCl 3 (5 ml) was stirred for 45 min at 0°C. The reaction mixture was diluted with CHCl 3 (5 ml) and 10% aqueous H 2 SO 4 (20 ml) and extracted with AcOEt. The organic layer was washed with 7% aqueous NaHCO 3 and brine and dried over MgSO 4 . Evaporation of the organic solvent gave a residue, which was chromatographed on silica gel (20 g, n-hexane/AcOEt (10 : 1)) to afford 12 (1.57 3) A mixture of 12 (1.0 g, 1.22 mmol) and 20% Pd(OH) 2 -C (500 mg) in MeOH (100 ml) was subjected to catalytic hydrogenolysis at ambient temperature and the reaction mixture was filtered with the aid of celite to give the filtrate. Evaporation of the filtrate gave a residue, which was chromatographed on silica gel (20 g, n-hexane/AcOEt (5 : 1)) to afford 13 (688 mg, 97% yield) as a colorless syrup. and the whole mixture was stirred for 2 h at room temperature. The reaction mixture was diluted with 7% aqueous NaHCO 3 (10 ml) and extracted with AcOEt. The organic layer was washed with brine and dried over MgSO 4 . Evaporation of the organic solvent gave a residue, which was chromatographed on silica gel (8 g, n-hexane/AcOEt (20 : 1)) to afford 14 (245 mg, 62% yield) as colorless needles. 14: [ 2) To a mixture of PhSeCl (161 mg, 0.83 mmol) and 4A molecular sieves
(1 g) in 1,2-dichloroethane (3 ml) was added silver triflate (AgOTf; 216 mg, 0.83 mmol) with stirring at 0°C under an argon atmosphere. To the abovementioned reaction mixture was added a solution of 13 (338 mg, 0.58 mmol) and 14 (350 mg, 1.14 mmol) in 1,2-dichloroethane (2 ml) and the whole mixture was stirred for 2 h at the same temperature. The reaction mixture was cooled at 0°C and quenched with AcOEt (15 ml) and 7% aqueous NaHCO 3 solution (15 ml). 3) A mixture of 15 (88 mg, 0.10 mmol) and NaOMe (11 mg, 0.20 mmol) in MeOH (3 ml) was stirred for 1 h at room temperature. The reaction mixture was evaporated to give a residue, which was chromatographed on silica gel (8 g, CHCl 3 /MeOH (7 : 1)) to afford 2 (41 mg, 99% yield) as a colorless amorphous solid. 
